Abstract
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Cleanup of the extraction and preparation of samples 146 147
About 0.25 mL of the nutmeg extract was added to a silica solid-phase extraction
148
(SPE) cartridge column (5000 mg/25 mL; Alltech Associates Inc., Grace Co., USA), 149 whose packing bed was rinsed with 20 mL n-hexane for conditioning. A 10-mL aliquot 150 of n-hexane was eluted and discarded. Then, a 55-mL aliquot of 2% diethyl 151 ether/n-hexane (2:98, v/v) was eluted, and a 25-55 mL fraction was collected as the 152 2-ACB fraction. The flow rate of this column was about 1.00 mL/min. After 153 concentrating to 1 mL, the extract was further subjected to a supelclean sulfoxide SPE 154 cartridge column (3000 mg/6 mL; Supeluco, Bellefonte, PA, USA), which was 155 conditioned with 10 mL acetone to remove residual moisture and equilibrated with 20 156 mL n-hexane, after which a 4-14 mL fraction was collected with n-hexane. The flow 157 rate was about 0.72 mL/min. Then, the eluted n-hexane was carefully concentrated to a 158 volume of 1 mL in a rotary vacuum evaporator, further concentrated to near dryness 159 under a stream of nitrogen at 40°C, and then added to 0.2 mL 2-CHCH (0.05 μg/mL) as 8 an internal standard. Finally, the mixture was transferred into a glass vial insert for 161 GC-MS and high-resolution gas chromatography-mass spectrometry (GC-HRMS) 162 analysis. A single sample was processed within 200-240 min.
164
GC-MS and GC-HRMS analysis of 2-ACBs
166
Samples were analysed using a QP-2010 Plus model GC-MS system (Shimadzu, 167 Kyoto, Japan) for irradiated samples and a JMS-700 MStation GC-HRMS system 168 (JEOL Ltd., Tokyo, Japan) equipped with GC HP-6890 Plus (Agilent, Toronto, Ontario, 169 Canada) for blank controls and non-irradiated samples. Data acquisition and control
170
were performed using GC-MS-Solution Ver. 2.53 SU3 software and DioK software 171 (JEOL Ltd., Tokyo, Japan), respectively.
172
The GC conditions of the QP-2010 Plus model GC-MS system were as follows: 10°C/min, and 280°C (10 min); carrier gas, helium 1.00 mL/min; injection temperature, 177 250°C; injection single taper inlet liner (SGE Analytical Science, Australia); injection 178 mode, splitless; and injection volume, 1 μL. The GC conditions of the GC-HRMS were 179 almost identical, but the injection volume was 2 μL.
180
The MS conditions of the QP-2010 Plus model GC-MS system were as follows: Therefore, a sulfoxide SPE column was tried after the silica SPE column. The impurity 247 peaks that were not removed with the silica SPE column were almost completely 248 removed with the sulfoxide SPE column (data not shown).
249
The signals to n-hexane background noise ratio above 3 were consistently obtained 250 for both m/z 98 and 112 ions for 0.008 μg/mL 2-ACBs. This protocol was evaluated 251 with recovery tests in which 2-DCB and 2-dDCB were spiked at 0.125 μg/g into control 252 nutmeg samples and analysed with GC-MS (n = 4). The 2-ACBs were not detected in 253 the control samples. Both 2-DCB and 2-dDCB were recovered at a rate of 90% ± 4% 254 and 138% ± 5%, respectively, with mostly less than 5% relative standard deviation. The respectively, for D. This may have been because they came from the same area.
277
Furthermore, E showed the largest content of 2-dDCB at 0.55 ± 0.04 μg/g FW. However,
278
A showed the smallest content of 2-DCB or 2-dDCB at 1.52 ± 0.18 μg/g FW and 0.21 ± 279 0.02 μg/g FW, respectively. For this reason, A was chosen for the stability study, which 13 involved storing samples 0, 1, 5, 15, and 30 weeks after irradiation at 5 and 10 kGy. 
295
In the scan mode of GC-MS, the molecular ion m/z 210 of 2-DCB was observed in 5 296 kGy-irradiated A after storage for 30 weeks, but the concentration of 2-dDCB (ion m/z 297 238) was too low to be observed. However, in both 2-DCB and 2-dDCB, the ion m/z 98 298 was the base ion peak, and the relative intensities of ions m/z 98 to 112 were compared 299 with 2-DCB and 2-dDCB standards with MS spectra that were practically the same in 300 the detected range of m/z 50 to 250 (data not shown).
301
Thus, using GC-MS analysis, we confirmed the qualitative and quantitative presence 302 of 2-DCB and 2-dDCB in 5 kGy-irradiated nutmeg after storage for 30 weeks. For this 303 reason, 2-DCB and 2-dDCB were considered present in the other samples irradiated at Table 1 provides a summary of the temporal change in both 2-DCB and 2-dDCB in 306 nutmeg samples irradiated at 5 and 10 kGy. Neither 2-DCB nor 2-dDCB remained 307 unchanged (p > 0.05) in either 5-or 10 kGy-irradiated samples until 5 weeks of storage.
308
However, there was a sluggish but significant diminution after 5 weeks of storage: both 309 2-DCB and 2-dDCB decreased by about 65% to 75% after 30 weeks of storage. These 
320
Both 2-DCB and 2-dDCB were absent in the entire control sample as referred to 321 above. However, 2-DCB and 2-dDCB may exist naturally in commercial non-irradiated 322 nutmeg (Variyar, Chatterjee, Sajilata, Singhal, & Sharma, 2008) . Therefore, the control 323 samples were analysed using GC-HRMS, which is more sensitive than GC-MS and is 324 able to detect smaller concentrations of 2-ACBs.
Detection of 2-ACBs in non-irradiated nutmeg
15
To provide accurate and reliable information on the existence of 2-ACBs in 329 non-irradiated samples, we subjected 5 lots of nutmeg to GC-HRMS. The limit of 330 detection of GC-HRMS was examined using the solvent standard solution (n-hexane).
331
The signals to n-hexane background noise ratio above 3 were consistently obtained for 332 both m/z 98.073 and 112.088 ions for 0.002 μg/mL 2-ACBs (2-DCB and 2-dDCB). We 333 supposed that 2-ACB concentrations of at least 3 to 6 times more could be detected in 334 the matrix sample solution with GC-HRMS. Therefore, 2-DCB and 2-dDCB were 335 spiked into the 5 lots of nutmeg at concentrations of 0.016 and 0.032 μg/g FW nutmegs,
336
and the expected final concentrations were 0.006 and 0.012 μg/mL, respectively. Then, 337 these spiked samples and control samples were subjected to analysis simultaneously. was illustrated with peaks at 17.24 min (c), and 2-dDCB was illustrated at 23.29 min (f).
341
A peak was observed around the retention time in the sample spiked with 0.016 μg/g of 342 2-DCB (b), but no significant peaks were found at the control sample retention time of 343 2-DCB (a). A peak was found in a sample spiked with 0.032 μg/g of 2-dDCB (e). were within ±0.02 min, the peaks would be identified as 2-DCB or 2-dDCB. Table 2 
362
These results indicated that both 2-DCB and 2-dDCB were less than detectable levels 363 in all of the non-irradiated nutmeg samples in the present study, and 2-DCB and 
